The aim of the present study was to evaluate the effect of the inclusion of faba beans (Vicia faba), white lupins (Lupinus albus) and peas (Pisum sativum) in two different basal diets on the performance, digestive tract development and carcass characteristics of broilers housed in floor pens over a 35 d grow-out period. The experimental design was a 2 x 4 factorial arrangement of treatments which evaluated two basal wheat-soy diets (with or without meat meal) and legume grains (no legume grain, or faba beans, white lupins and peas at 200 g/kg inclusion). All diets were formulated to contain similar levels of metabolizable energy and digestible amino acids. A 3-phase feeding programme (starter, grower and finisher) was employed. The starter, grower and finisher diets were offered from day 1-7, 8-21 and 22-35, respectively. During the starter period, legume x meat meal interaction was significant (p<0.05) for weight gain and feed intake. Birds fed faba bean and white lupin diets containing meat meal had higher (p<0.05) weight gain and feed intake than those without meat meal. During day 1-21, an interaction (p<0.05) between legumes and meat meal was observed for weight gain, with the gain of birds fed the pea diet without meat meal being higher (p<0.05) that than those fed pea diet with meat meal. Over the 35 d trial period, however, with the exception of feed intake, legumes had no effect (p>0.05) on the performance and carcass recovery of broilers and the litter score. Weight gain and feed per gain of birds fed diets without meat meal were better (p<0.05) than those with meat meal. The main effect of legumes was significant (p<0.01 to 0.05) for the relative weight of liver and gizzard and the relative digesta weight of the crop and proventriculus. Birds fed meat meal diets had lower (p<0.05) relative weights of liver, pancreas and small intestine and relative digesta weight of small intestine than those fed diets with no meat meal diets. It was concluded that, when balanced for metabolizable energy and digestible amino acids, dietary inclusion of faba beans, white lupins and peas at 200 g/kg either in wheat-soybean meal or wheat-soybean meal-meat meal basal diets could support a good performance of birds over the 35-day grow-out period.
INTRODUCTION
Commercial poultry feed industry is dependent primarily on two conventional protein sources, namely, soybean meal a nd meat and bone meal, for practical diet formulations. In most countries, soybean meal i s imported, which is a drain on foreign exchange reserves and results in high production cost. The recent ban on the use of ingredients of animal origin in poultry diets in some regions makes the situation even more critical. Therefore, evaluation of alternative protein ingredients, which are locally available and economical, is urgently required. Of the various possibilities (Ravindran and Blair, 1992) , grain legumes offer the greatest promise. The interest of using grain legumes such as faba beans (Vicia faba), lupins ( Lupinus spp.) and peas ( Pisum sativum) as alternatives to conventional protein sources has been increasing (Petterson et al., 1997; Ravindran et al., 2002a; Hickling 2003; Brand et al., 2004; Crepon, 2006; Palander et al., 2006; Nalle et al., 2010a, b) . These legume seeds not only offer a valuable source of protein, but also of energy due to their starch (in faba beans and peas) and fat (in lupins) contents (Petterson et al., 1997; Hickling 2003) . However, legume seeds also contain variable amounts of anti-nutritional factors such as Non-Starch Polysaccharides (NSP), tannins and protease inhibitors which can adversely affect nutrient utilization and animal performance (Gatel, 1994; Castell et al., 1996) . Thus, it is important to know how much of these ingredients can be included in practical broiler diets whilst maintaining performance. The aim of the present study was to examine the effect of feeding diets formulated to contain 200 g/kg faba beans, white lupins (Lupinus albus) and peas on the performance, digestive tract traits and carcass characteristics of broilers housed in floor pens over a 35 day grow-out period. The Diets: The study was conducted as a 2 x 4 factorial inclusion level of 200 g/kg was chosen on the basis of available published data (Crepon, 2006) . The legumes were incorporated either in a wheat-soybean meal or a wheat-soybean meal-meat meal diet.
MATERIALS AND METHODS
The experimental procedures were approved by the Massey University Animal Ethics Committee and, complied with the New Zealand Code of Practice for the Care and Use of Animals for Scientific Purposes.
Birds and housing:
A total of 1440 day-old male broilers (Ross 308), obtained from a commercial hatchery, were assigned on the basis of body weight to the 48 floor pens (30 birds/pen) on a litter of wood shavings in an environmentally controlled room. The temperature was maintained at 31 C during the first week and then it was o gradually reduced to 22 C at 35 days of age. The birds o received 20 h of fluorescent illumination per day and were allowed free access to the diets and water. arrangement of treatments consisting of two wheat-soy basal diets (with or without meat meal) and legumes (no legume, or faba beans, white lupins and peas at 200 g/kg inclusion. Before incorporation into test diets, legume seeds with hulls were ground in a hammer mill to pass through 3 mm sieve. Other ingredients were obtained from commercial suppliers in ground form. A total of eight diets were formulated. All diets were formulated to contain similar levels of metabolizable energy and, digestible lysine, methionine and threonine (Table 1-3) , using values previously determined for these three grain legumes in our laboratory (Nalle, 2009 ) based on methods described by Ravindran et al. (2005 Ravindran et al. ( , 2009 . As per commercial practice, a xylanase product was used in all diets to eliminate the viscosity effect of soluble NSP of wheat. The diets were cold pelleted (70 C) and each of the eight dietary treatments o was randomly assigned to six pens. A 3-phase feeding programme (starter, grower and finisher) was employed. The starter, grower and finisher diets were offered from day 1-7, 8-21 and 22-35, respectively. Wheat-soy Wheat-soy-meat meal Measurements: Body weights and feed intake were recorded on a pen basis on days 7, 21 and 35. Mortality was recorded daily. Any bird that died was weighed and the weight was used to adjust feed per gain. Feed per gain was calculated by dividing total feed intake b y weight gain of live plus dead birds. Litter was subjectively scored for quality on days 21 and 35 on a scale of 1 to 5 (1 = normal, dry, friable litter and 5 = representing wet and cakey litter). The scoring was done by the same individual. On day 35, the two birds closest to the mean pen weight were selected from each replicate, weighed and sacrificed by cervical dislocation. The weight and length of segments of digestive tract, without and with digesta, and weight of digestive organs (liver, spleen and pancreas) were determined, as described by Amerah and Ravindran (2009) . On day 35, two more birds (closest to the mean pen weight) were selected, weighed and killed by cervical dislocation, followed by exsanguination. After the removal of feathers, viscera, shanks and neck, the weight of the eviscerated hot carcass was recorded. Carcass recovery was calculated by dividing the carcass weight by the live body weight.
Statistical analysis:
Pen means were used to derive performance data. For digestive tract and carcass measurements, individual birds were considered as the experimental units. The data were analyzed by a two-way analysis of variance using the General Linear Model procedure of SAS (1997). Differences were considered to be significant at p<0.05 and significant differences between means were separated by the Fisher's Least Significant Difference Test.
RESULTS
During the starter period, the main effects of meat meal and legumes were not significant (p>0.05) for performance parameters (Table 4) . However, a legume x meat meal interaction (p<0.001) was observed for the weight gain and feed intake. The weight gain and feed intake of birds fed faba bean and white lupin-based diets containing meat meal were higher (p<0.05) than those of faba bean-and lupin-based diets without meat meal. On the other hand, the weight gain and feed intake of birds fed the pea diet supplemented with meat meal was comparable (p>0.05) to that of pea diet without meat meal. The basal diet without meat meal resulted in a better (p<0.05) performance compared to that with meat meal. Feed per gain of birds during the starter phase was unaffected (p>0.05) by dietary treatments. During 1-21 day post-hatch, the main effect of legumes was found to be significant (p<0.001) for weight gain, but there was an interaction (p<0.001) between legumes and meat meal (Table 5 ). Feeding birds with the peabased diet without meat meal produced better (p<0.05) weight gain than those fed the pea-based diet containing meat meal. Birds fed legume diets, with the exception of white lupin, had weight gains similar (p>0.05) to those fed diets without legumes. Inclusion of higher relative empty weight of gizzard than those fed the meat meal had no effect (p>0.05) on the weight gain and feed intake, but influenced (p<0.05) the feed per gain. Diets without meat meal produced lower (p<0.05) feed per gain than those with meat meal. The litter score of birds fed white lupin diet was lower (p<0.05) than those fed diets with no legume diet and faba bean, but comparable (p>0.05) to those fed the pea diets. Meat meal had no effect (p>0.05) on the litter score. Legume x meat meal interaction was not significant (p>0.05) for the litter scores. Over the 35-day trial period, legumes had no effect (p>0.05) on the weight gain and feed per gain of broilers (Table 6 ). The feed intake of birds fed the white lupin diet was higher (p<0.05) than those fed diets with n o legumes, faba beans and peas. Weight gain and feed per gain of birds fed diets without meat meal were better (p<0.05) than those broilers fed diets with no meat meal. Dietary treatments had no effect (p>0.05) on the litter score or carcass recovery. Legume x meat meal interaction was not significant (p>0.05) for any performance traits, litter score and on carcass recovery. The effects of dietary treatments on the gross morphology of the digestive tract of broilers are presented in Table 7 . In general, it was found that the dietary treatments had no effects on the majority of gross morphology parameters. The main effects of legumes were found to be significant (p<0.01 to 0.05) for the relative weights of liver and gizzard and the relative digesta weight of the crop and proventriculus. The liver weight of birds fed legume diets (except pea diets) had control diet containing no legume. The main effect of meat meal was observed to be significant (p<0.01 to 0.05) for the relative weights of liver, pancreas and small intestine and the relative digesta weight of the small intestine. Overall, birds fed meat meal diets had lower (p<0.05) relative weights of liver, pancreas and small intestine and relative digesta weight of small intestine than those fed diets with no meat meal. Legume x meat meal interaction was not significant (p>0.05) for digestive tract traits, except for the relative digesta weight of crop. Digesta weight in the crop of birds fed faba bean diets containing meat meal was higher (p<0.05) than those fed faba bean diets without meat meal.
DISCUSSION
The finding that diets containing 200 g/kg of grain legumes can be included in broiler diets with no adverse effects on the weight gain and feed efficiency is i n agreement with published data (Olver and Jonker, 1997; Farrell et al., 1999; Crepon, 2006; Nalle et al., 2010a) . However, deleterious effects due to the inclusion of peas at a level of 200 g/kg in broiler diets were also observed in some studies (McNeill et al., 2004) , which may be attributed primarily to cultivar differences or failure to consider digestibility differences in feed formulations. The level of anti-nutritional factors in peas is known to vary depending on the cultivar and growing season (Gatel, 1994; Castell et al., 1996) . During the starter period, the weight gain of broilers fed the wheat-soy diet containing faba beans and white lupins was significantly lower than those fed wheat-soy- meat meal diet which contained these legume seeds. demonstrate that, when the diets are balanced in terms No differences in weight gain, however, were observed of metabolizable energy and digestible amino acids, over the 21-day and 35-day feeding periods, and this faba beans, white lupins and peas can be included at may indicate that the older birds have greater tolerance 200 g/kg level to support good production performance to NSP in the grain legumes than the younger birds. The of broilers. Further studies are warranted to investigate lower weight gain shown by young birds fed wheat-soythe possible use of higher levels of grain legumes in meat-meal diet containing faba beans and white lupins broiler feeding. was caused largely by the lower feed intake in this group compared to those fed wheat-soy diet which contained these legume seeds. Birds fed diets without meat meal gave better weight gain and feed per gain than those fed diets containing meat meal. The lower performance of birds fed diets with meat meal may be reflective of the quality of meat meal used in the present study. The wide variability in the contents and digestibility of amino acids in meat meal is known (Ravindran et al., 2002b; 2005) . Thus it is possible that the published digestible amino acid data used in the diet formulation may have overestimated the actual digestible amino acid values of the meat meal sample used in the present study. The litter quality of the birds over 35-day period of the trial was not affected by the inclusion of these grain legumes. Because of the presence of NSP in grain legumes, it was anticipated that there will be a wet litter problem when these ingredients are included in broiler diets. It is possible that either the inclusion level of 200 g/kg is low to cause wet litter problems or the inclusion of exogenous xylanase may have ameliorated the viscosity effects of NSP. In summary, the performance, digestive tract development, carcass recovery and litter scores o f broilers were not affected by the inclusion of faba beans, white lupins and peas in broiler diets. The present data
